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© Infinitely variable transmission. 



© An infinitely variable transmission includes a 
driver shaft (4) having a driver pulley (C), a driven 
shaft (75) having a driven pulley (D), the driver and 
driven pulleys (C, D) having fixed conical discs (33, 
r-78) and movable conical discs (34 t 79), the movable 
^conical discs (34, 79) having pressure chambers (40, 
^83), an endless belt (101) trained around said driver 
flrjand driven pulleys (C, D), a device (29) for supplying 
CO a fluid under pressure to the pressure chambers (40; 
0q83), a pressure regulating mechanism (94, 210) for 
^■regulating the fluid pressure at a prescribed pres- 
COsure, and a fluid metering mechanism (41) for regu- 
Qlating the amount of the fluid under the prescribed 
pressure in the pressure chambers. At least one of 
Qjthe pressure regulating mechanism (94, 210) and the 
fluid metering mechanism (41) is disposed in the 
driver shaft (4) or the driven shaft (75). The pressure 



regulating mechanism (94, 210) is arranged to dis- 
charge an excess amount of the fluid to a lower- 
pressure area when the supplied fluid pressure ex- 
ceeds a prescribed level and also has passages 
(1 10i - 110a, 218) for supplying the discharged 
amount of the fluid as lubricating oil to the endless 
belt (101). The fixed conical discs (33. 78) of the 
driver and driven pulleys (C, D) are disposed on 
opposite sides of the endless belt (101). The fixed 
conical discs (33, 38) are arranged such that the 
central axis (101 a) of the endless belt (101) is in- 
clined with respect to a Ijne normal to pulley axes 
(4a, 75a) at an angle which is substantially zero at a 
power transmission speed ratio which is most fre- 
quently be used between the driver and driven pul- 
leys (C, D). 
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INFINITELY VARIABLE TRANSMISSION 



The present invention relates to a transmission, 
and more particularly to an infinitely variable trans- 
mission having an endless belt trained around driv- 
er and driven pulleys. 

U.S. Patent No. 4,152,945 patented on May 8, 
1979 discloses an infinitely variable transmission 
comprising driver and driven pulleys each having 
its groove width variable axially by a hydraulic 
actuator, an endless belt of metal trained around 
the pulleys, a hydraulic pressure supply device for 
supplying a fluid pressure to the hydraulic ac- 
tuators, and a device for controlling the supply and 
discharge of the fluid pressure to and from the 
hydraulic actuators, the transmission ratio of the 
belt being variable by varying the groove width of 
the pulleys. 

The disclosed infinitely variable transmission is 
necessarily large in overall size since the device 
for controlling the fluid supply and discharge is 
disposed separately from the driver and driven 
pulleys. A pitot tube is disposed in a fluid groove 
positioned outside of a fluid pressure chamber de- 
fined behind a movable pully cone for detecting the 
fluid pressure in the fluid groove. The fluid pres- 
sure on the movable pully cone is controlled by the 
fluid pressure detected by the pitot tube. The use 
of the pitot tube makes the pipe system complex 
and makes ft difficult for the transmission to be 
designed in its layout- Since the endless belt is 
made of metal, it must be lubricated. To this end. 
the fluid in the high-pressure fluid line which feeds 
the hydraulic actuators is partly supplied as the 
lubricating oil directly to the endless belt. There- 
fore, the hydraulic pressure pump is subject to an 
extra load which is required to compensate for the 
loss of the fluid pressure arising from the supply of 
the fluid pressure to the endless belt. 

In the disclosed infinitely variable transmis 
sion, the deviation of the endless belt from the 
central line is zero at a low transmission ratio. 
When the transmission ratio is frequently varied 
between high and low rations, the metal belt which 
is of high transverse rigidity suffers an undue force 
tending to shorten the service life of the endless 
belt. Another known transmission, shown in EP-A- 
0081934, discloses the preamble of claim 1. In this 
arrangement the endless belt is always perpendicu- 
lar to the axes of the shafts. 

The present invention is characterised in that 
said fixed conical discs are arranged to tilt the 
central axis of said endless belt when the power 
transmission speed ratio is low, with respect to said 
line normal to said rotatable shafts at an angle 
which is about 1/2 of the maximum angle of inclina- 



tion of the central axis of said endless belt which 
would be reached by varying said power transmis- 
sion speed ratio if the fixed conical discs were 
positioned to substantially eliminate the inclination 

5 of the central axis of said endless belt with respect 
to said line when said power transmission speed 
ratio was low. 

This arrangement permits uniform wear on the 
endless belt, rather than localised wear as is known 

70 in the prior art, with the result that the life of the 
belt may be increased. 

Some embodiments of the invention will now 
be described by way of example and with refer- 
ence to the accompanying drawings, in which:- 

75 FIG. 1 is a cross-sectional view of an in- 

finitely variable transmission according to a first 
embodiment of the present invention; 

FIG. 2 is a graph showing the relationship 
between the r.p.m. of a driver shaft and the r.p.m. 

20 of a driven shaft in the infinitely variable transmis- 
sion; 

FIG. 3 is a cross-sectional view of an in- 
finitely variable transmission according to a second 
embodiment of the present invention; 
25 FIG. 4 is a fragmentary view showing the 

manner in which an endless belt is shifted as 
pulley conical discs are axially moved; 

FIG. 5 is a graph illustrating the relationship 
between the transmission ratio and the inclination 
30 of the , endless belt; 

FIGS. 6 and 7 are views of the endless belt 
as it is inclined at low and high transmission ratios, 
respectively; 

FIGS. 8(A) and 8(B) are views illustrative of 
35 the manner in which the diameters of the driver 
and driven pulleys are varied when the transmis- 
sion ratio has been changed; 

FIGS. 9(A) and 9(B) are views showing dif- 
ferent distances that the endless belt moves on the 
40 driver and driven pulleys, respectively; and 

FIG. 10 is a graph illustrating the relationship 
between the transmission ratio and the inclination 
of the endless belt in a conventional infinitely vari- 
able transmission. 

45 

FIG. 1 shows an infinitely variable transmission 
according to a first embodiment of the present 
invention. A starting clutch 1 is interposed between 
an input shaft 2 coupled to the output shaft of an 
so internal combustion engine (not shown) and a driv- 
er shaft (rotatable shaft) 4 of an automatic infinitely 
variable transmission 3. The starting clutch 1 in- 
cludes an input rotatable member 5 rotatable in 
unison with the input shaft 2 and an outupt rotat- 
able member 6 rotatable in unison with the driver 
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shaft 4. 

The input rotatable member 5 comprises a disc 
8 spfined to the input shaft 2 and fixed thereto by a 
bolt 7. with a clutch damper mechanism 9 of a 
known structure being mounted on the disc 8. A 
control mechanism 11 for controlling a pressure- 
regulating valve 10 (described later) is mounted on 
the surface of the input rotatable member 5 which 
faces the output rotatable member 6. The control 
mechanism 11 comprises a governor mechanism 
having a cam plate 13 axially siidably fitted in a 
governor housing 12 riveted to the input rotatable 
member 5, and a governor ball 14 positioned be- 
tween the cam surface 13a of the cam plate 13 and 
the guide surface 12a of the governor housing 12 
for radial sliding movement. The cam plate 13 is 
normally urged toward the input rotatable member 
5 by a coil spring 16 interposed between the cam 
plate 13 and a spring seat 15. When the r.p.m. of 
the input shaft 2 is smaller than a preset value, the 
governor ball 14 is located radially centrally and 
the cam plate 13 is forced by the coil spring 16 
toward the input rotatable member 5. When the 
r.p.m. of the input shaft 2 is increased higher than 
the preset value, then the governor ball 14 is 
displaced radially outwardly under centrifugal 
forces to move the cam plate 13 toward the output 
rotatable member 6 against the resiliency of the 
coil spring 16. 

The output rotatable member 16 is composed 
of a clutch cylinder 1 8 splined to the driver shaft 4 
and fixed thereto by a nut 17, and a clutch outer 
member 19 fixed to the outer periphery of the 
clutch cylinder 18 against circumferential and axial 
movement. A clutch piston (presser) 20 is axiaily 
siidably fitted in the clutch cylinder 18. The clutch 
piston 20 is operated by a fluid (oil) under pressure 
introduced into a pressure chamber 22 defined 
between the clutch piston 20 and the clutch cyl- 
inder 18 for pressing a friction plate 21 (described 
later.) The clutch piston 20 is normally urged by a 
belleville spring 23 to move toward the output 
rotatable member 6. 

The pressure chamber 22 is supplied with the 
fluid under pressure through a supply port 24 de- 
fined radially in the boss of the clutch cylinder 18. 
The fiuid under pressure in the pressure chamber 
22 can be discharged through the pressure-regulat- 
ing valve 10 siidably fitted in a hole (discharge 
outlet of the pressure chamber) 25 defined axially 
through the boss of the clutch piston 20. The hole 
25 has one end communicating with the supply 
port 24 and the opposite end opening at the end 
surface of the boss of the clutch cylinder 18 which 
is directed toward the input rotatable member 5. 
The pressure-regulating valve 10 is slidable a pre- 
scribed stroke in a direction along the axis of the 
driver shaft 4. The pressure-regulating valve 10 



comprises a hollow pipe having open and closed 
ends opposite to each other and including a dis- 
charge port 26 extending radially through the pe- 
ripheral side wall thereof adjacent to the closed 
5 end. 

When the r.p.m. of the input shaft 2 is lower 
than the preset value, the pressure-regulating valve 
10 is displaced toward the input rotatable member 
5 under the fluid supplied under pressure from the 
io supply port 24 thereby to open the discharge port 
26. Since the fluid under pressure is discharged 
from the pressure chamber 22 through the dis- 
charge port 26, the pressure in the pressure cham- 
ber 22 is not increased and the clutch piston 20 

75 remains displaced toward the output rotatable 
member 6 under the resiliency of the spring 23. 
When the r.p.m. of the input shaft 2 is higher than 
the preset value, the pressure-regulating valve 10 
is pushed by the cam plate 13 toward the output 

20 rotatable member 6 thereby to close the discharge 
port 26. The pressure in the pressure chamber 22 
is regulated by the ratio between the opening of 
the discharge port 26 and the opening of an orifice 
48 (described later). 

25 The friction plate 21 pushed by the clutch 

piston 20 is positioned between the input and out- 
put rotatable members 5, 6 and fitted axiaily mov- 
ably but nonrotatably in the inner peripheral sur- 
face of the clutch outer member 19. Between the 

30 friction plate 21 and the end wall of the clutch outer 
member 19 which faces the input rotatable mem- 
ber 5, there is disposed a clutch facing 27 fitted 
nonrotatably but axially movably over the outer 
peripheral surface of the governor housing 12. By 

35 causing the clutch piston 20 to press the friction 
plate 21 and the clutch facing 27 against the clutch 
outer member 19, the input and output rotatable 
members 5, 6 are coupled to power transmission 
therethrough. When the friction plate 21 and the 

40 clutch facing 27 are released, no power can be 
transmitted through the input and output rotatable 
members 5, 6 which are now disconnected from 
each other. 

The governor housing 12 and the clutch piston 
45 20 have fiuid distribution holes 12b, 20a, respec- 
tively, defined in their peripheral walls at prescribed 
positions. The fluid supplied under pressure from 
the discharge port 26 of the pressure-regulating 
valve 10 into the governor housing 12 and the 
so space between the governor housing 12 and the 
clutch piston 20 is guided through the fluid distrib- 
uting holes 12b. 20a to the sliding surfaces of the 
clutch facing 27. Therefore, the clutch facing 27 is 
prevented from damaged by heat when the starting 
55 clutch 1 is partly connected. 

The supply port 24 is connected to a pump 
(fluid pressure supply means) 29 through a direc- 
tional control valve mechanism (fluid metering 
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mechanism) incorporated in the automatic infinitely 
variable transmission 3. 

The input shaft 2, the input rotatable member 5 
(the disc 8), the bolt 7, the clutch damper mecha- 
nism 9, the control mechanism 11 (the governor 
housing 12, the cam piate 13, the governor ball 14, 
the spring seat 15, and the spring 16) jointly con- 
stitute an input assembly A. The driver shaft 4. the 
output rotatable member 6 (the clutch cylinder 18 
and the clutch outer member 19). the pressure- 
regulating valve 10, the clutch piston 20. the friction 
plate 21 , the spring 23, and the clutch facing 27 
jointly constitute an output assembly B. For assem- 
bling the starting clutch 1 , the assemblies A, B are 
first assembled independently, and then they are 
fitted together with the clutch facing 27 and the 
governor housing 12 being centrally aligned with 
each other. Therefore, the starting clutch 1 can 
efficiently be assembled. 

The driver shaft 4 comprises a hollow pipe with 
opposite open ends rotatably supported by' ball 
bearings 31 , 32 on side walls of a transmission box 
30 at one end thereof. A driver pulley C with its 
groove width axialiy variable under the control of a 
fluid pressure is mounted on the driver shaft 4. 

The driver pulley C comprises a fixed conical 
disc 33 integral with the outer periphery of the 
driver shaft 4 closely to the starting clutch 1, and a 
movable conical disc 34 disposed on the driver 
shaft 4 in axialiy confronting relation to the fixed 
conical disc 33 to define a V-shaped groove there- 
between, the movable conical disc 34 being axialiy 
slidably but nonrotatably fitted over the driver shaft 
4 through a plurality of balls 35 interposed there- 
between. The movable conical disc 34 comprises a 
cylindrical boss 34a and a conical disc body 34b 
integrally disposed around an end of the boss 34a. 
The conical disc body 34b has a cylindrical wall 
34c integrally projecting axialiy from the outer pe- 
ripheral edge thereof in the direction axiall away 
from the fixed conical disc 33, and an annular 
closure plate 34d fitted in the cylindrical wall 34c at 
its projecting end. Thus, the movable conical disc 
34 is in the form of a hollow drum. 

In the movable conical disc 34, there is dis- 
posed a fixed piston 36 composed of a cylindrical 
body 36a having a central hole defined in one end 
wall thereof and an opposite open end, and an 
annular flange 36b projecting radially outwardly 
from the opposite open end of the cylindrical body 
36a. The fixed piston 36 is nonrotatably but axialiy 
movably fitted over the driver shaft 4 extending 
through the centra! hole in its end wall. The cylin- 
drical body 36a is losely fitted over the boss 34a of 
the movable conical disc 34. The flange 36b is 
slidably fitted in the cylindrical wall 34c of the 
movable conical disc 34 in a fluidtight manner. A 
cylindrical guide tube 37 with its opposite ends 



open is fitted in the central hole of the annular 
closure plate 34d and over the cylindrical body 36a 
of the fixed piston 36. The guide tube 37 has an 
attachment flange 37a extending radially outwardly 
5 from one end thereof and fixed by bolts 38 to the 
inner surface of the side wall of the transmission 
box 30. 

A first pressure chamber 39 is defined between 
the conical disc body 34b of the movable conical 

10 disc 34 and the flange 36b of the fixed piston 36. A 
second pressure chamber 40 is defined between 
the closure plate 34d of the movable conical disc 
34 and the flange 36b of the movable conical disc 
34. The first and second pressure chambers 39, 40 

15 are connected to the pump 29 through the direc- 
tional control valve mechanism 41 . 

The directional control valve mechanism 41 
has a cylindrical bearing body 42 fixedly fitted in 
the end of the driver shaft 4 which is located in the 

20 starting clutch 1, a first valve 43 positioned adja- 
cent to the cylindrical bearing body 42 remotely 
from the starting clutch 1 and fitted in the driver 
shaft 4 for axial movement through a prescribed 
stroke, a second valve 45 having one end facing 

25 the first valve 43 and the opposite end extending 
into a governor chamber 44 defined outside of the 
side wall of the transmission box 30, the second 
valve 45 being fitted in the driver shaft 4 for axial 
movement through a prescribed stroke, and a third 

30 valve 46 slidably fitted in the cylindrical bearing 
body 42, the first valve 43, and the second valve 
45. 

The cylindrical bearing body 42 is in the form 
of a hollow short bottomed cylinder having one end 

35 open. The cylindrical bearing body 42 is positioned 
by a stop ring 47 and fitted in the driver shaft 4 in 
a fluidtight manner. The cylindrical bearing body 42 
has an orifice 48 defined radially through a periph- 
eral side wall thereof. The orifice 48 is held in 

40 communication with the supply port 24 of the pres- 
sure chamber 22 in the starting clutch 1 through a 
first port 49 defined radially through a peripheral 
side wall of the driver shaft 4 and an annular 
groove 50 defined between the outer peripheral 

45 surface of the driver shaft 4 and the inner periph- 
eral surface of the boss of the clutch cylinder 1 8 of 
the starting clutch 1 . 

The first valve 43 is in the form of a hollow 
short cylinder having opposite ends open and a 

so larger-diameter portion on one end thereof. The 
larger-diameter portion of the first valve 43 is 
slidably fitted in the driver shaft 4 in a fluidtight 
fashion. There is a pressure chamber 43a defined 
between the outer peripheral surface of the 

55 smaller-diameter portion of the first valve 43 and 
the inner peripheral surface of the driver shaft 4. 
The first valve 43 has a port 51 defined radially 
through a peripheral side wall of the smaller-diam- 
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eter portion thereof, the port 51 communicating 
with the pressure chamber 43a. 

The second valve 45 comprises a hollow long 
cylinder having opposite ends open. The second 
valve 45 has an annular groove 52 defined in the 
outer peripheral surface of an axially intermediate 
portion thereof and extending over a prescribed 
axial length, and a port 53 defined radially thereth- 
rough and spaced axially from annular groove 52 
toward the first valve 43. The second valve 45 has 
a smaller-diameter spring retainer 45a on its end 
closer to the first valve 43. A coil spring 55 is 
interposed axially between the spring retainer 45a 
and a spring retainer/stopper abutment 54 fitted 
over the end of the first valve 43 which is closer to 
the second valve 45. The first valve 43 is normally 
urged by the coil spring 55 toward the starting 
clutch 1, and the second valve 45 is normally 
urged by the coil spring 55 away from the starting 
clutch 1. A larger-diameter flange 45b integrally 
extends radially outwardly from the end of the 
second valve 45 which projects into the governor 
chamber 44, and is held against a governor weight 
56. As the engine r.p.m. increases, the governor 
weight 56 is turned counter-clockwise (FIG. 1) 
about a shaft 57 to move the second valve 45 
toward the starting clutch 1 against the resiliency of 
the coil spring 55. 

The third valve 46 is in the form of a hollow 
long cylinder having an open end closer to the 
starting clutch 1 and an opposite closed end. As 
described above, the third valve 46 is slidably fitted 
in the cylindrical bearing body 42, the first valve 
43, and the second valve 45 in a fluidtight manner. 
The third valve 46 has a first port 58 defined 
radially through a peripheral side wall of the end 
thereof remote from the starting clutch 1 , a second 
port 59 defined radially through a peripheral side 
wall thereof closer to the starting clutch 1, and an 
annular groove 59a defined in a peripheral side all 
thereof closer to the starting clutch 1. The port 51 
of the first valve 43 can communicate selectively 
with the second port 59 or the annular groove 59a. 

One end of a rod 60 is pivotally coupled by a 
pin 61 to the end of the third valve 46 remote from 
the starting clutch 1. The rod 60 extends loosely 
through a fluid conduit pipe 62 having opposite 
ends open. The other end of the rod 60 extends 
out of the fluid conduit pipe 62 and is pivotally 
coupled by a pin 64 to an accelerator-controlled 
fork 63. One of the open ends of the fluid conduit 
pipe 62 is fixed to the outer side wall of the 
governor chamber 44, whereas the other open end 
of the fluid conduit pipe 62 is slidably fitted in the 
second valve 45 in a fluidtight manner. The 
accelerator-controlled fork 63 is disposed in a con- 
trol fork chamber 44a defined outside of the gov- 
ernor chamber 44, and is angularly movable about 



a shaft 65 in response to the movement of a 
throttle valve (not shown). When the throttle valve 
is progressively opened, the accelerator-controlled 
fork 63 is turned clockwise to move the third valve 
5 46 away from the starting clutch 1. The control fork 
chamber 44a is held in communication with the 
interior of the second valve 45 through the fluid 
conduit pipe 62. A ring-shaped stopper 66 is dis- 
posed around the outer peripheral wall surface of 

io the third valve 46. Any delay for the first valve 43 
to follow the quick closing of the throttle valve can 
be prevented by engagement of the spring 
retainer/stopper abutment 54 with the stopper 66. 
The driver shaft 4 has third, second, fourth, and 

75 fifth ports 67, 68, 69. 70 defined radially in periph- 
eral side walls thereof and positioned in axially 
spaced relation in the order named from an axial 
intermediate portion thereof away from the starting 
clutch 1. When the groove width of the driver 

20 pulley C is maximal, i.e., when the movable conical 
disc 34 is spaced a largest distance from the fixed 
conical disc 33. the second port 67 is positioned 
substantially midway between the conical discs 33, 
34 and opens into the transmission box 30. When 

25 the groove width of the driver pulley C is minimal, 
i.e., when the movable conical disc 34 is spaced a 
smallest distance from the fixed conical disc 33, 
the open end of the second port 67 is closed by 
the boss of the jnovable conical disc 34. However, 

30 the second port 67 is kept in communication with 
the interior of the transmission box 30 through a 
recess 71 defined in an outer periphery of the 
driver shaft 4. When the groove width of the driver 
pulley C is at maximum, the third port 68 is posi- 

35 tioned substantially at an axially intermediate por- 
tion of the boss of the movable conical disc 34. 
When the groove width of the driver pulley C is at 
minimum, the third port 68 is positioned at the end 
of the boss of the movable conical disc 34 remote 

40 from the starting clutch 1 . 

The radially outer open ends of the third and 
fourth ports 68, 69 are held in communication with 
the first pressure chamber 39 through an annular 
groove 72 defined between the outer peripheral 

45 surface of the driver shaft 4 and the inner periph- 
eral surface of the boss of the movable conical disc 
34 and also through a clearance between the end 
face of the boss 34a of the movable conical disc 
34 and the inner end face of the cylindrical body 

so 36a of the fixed piston 36. The end face of the 
boss 34a of the movable conical disc 34 has a 
recess 73 for providing communication between 
the annular groove 72 and the first pressure cham- 
ber 39 when the groove width of the driver pulley C 

55 is maximum, i.e.. when the end face of the boss 
34a is held against the inner end face of the 
cylindrical body 36a. The third port 68 can commu- 
nicate with the port 53 of the second valve 45. The 
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fifth port 70 is positioned between the outer end 
face of the cylindrical body 36a of the fixed piston 
36 and the ball bearing 32. The fifth port 70 is held 
in communication with the second pressure cham- 
ber 40 through a recess 74 defined in the central 
boss on the outer end face of the cylindrical body 
36a and also through the guide tube 37. The fourth 
port 69 and the fifth port 70 communicate with 
each other through the annular groove 52 on the 
outer peripheral wall surface of the second valve 
45. 

A driven pulley D incorporating a mechanism 
94 for controlling the fluid pressure on a movable 
conical disc and regulating the fluid pressure is 
disposed in the transmission box 30 on the other 
end thereof opposite to the driver pulley C. A 
driven shaft 75 is rotatably supported at its op- 
posite ends on the opposite side walls of the trans- 
mission box 30 at the other end thereof by means 
of ball bearings 76, 77. The driven pulley D with its 
groove width variable under fluid pressure control 
is mounted on the driven shaft 75 in the transmis- 
sion box 30. The driven pulley D comprises a fixed 
conical disc 78 integral with the outer periphery of 
the driven shaft 75, and a movable conical disc 79 
disposed on the driven shaft 75 in axially confront- 
ing relation to the fixed conical disc 78 with a V- 
shaped groove defined therebetween, the movable 
conical disc 79 being axially slidably but non- 
rotatably fitted over the driven shaft 75 through a 
plurality of balls 80 interposed therebetween. 

The movable conical disc 79 is composed of a 
cylindrical boss 79a and a disc-shaped conical disc 
body 79b integrally projecting radially outwardly 
frmo one end of the boss 79a. The conical disc 
body 79b is in the form of a drum having a 
cylindrical wall 79c projecting axially from a sub- 
stantially radially intermediate portion thereof away 
from the fixed conical disc 78 and an annular 
closure plate 79d fitted in the projecting end of the 
cylindrical wall 79c. 

A fixed piston 81 is fitted in the movable coni- 
cal disc 79 and has a boss 81 a, a tapered conical 
portion 81b integral with one end of the boss 81a 
and progressively larger in diameter away from the 
the boss 81a, and an annular flange 81c extending 
radially outwardly from the larger-diameter end of 
the tapered conical portion 81b. The boss 81a of 
the fixed piston 81 is axially movably but non- 
rotatably fitted over the driven shaft 75. The flange 
81c is slidably fitted in the cylindrical wall 79c of 
the movable conical disc 79 in a fiuidtight fashion. 
Between the conical disc body 79b and the flange 
81c, there is disposed a coil spring 82 for normally 
urging the movable conical disc 79 toward the fixed 
conical disc 78 to reduce the groove width there- 
between. The coil spring 82 serves to prevent a 
belt (described later) from being abruptly loosened 



when the pressure in a first pressure chamber 
(described later) happens to leak out. 

The conical disc body 79b, and the tapered 
conical portion 81b and the flange 81c define 

5 therebetween a first pressure chamber 83. A sec- 
ond pressure chamber 84 is defined between the 
closure plate 79d, and the tapered conical portion 
81b and the flange 81c. The first and second 
pressure chamber 83, 84 are held in mutual com- 

70 munication through an orifice 85 defined axially 
through the boss 81a of the fixed piston 81 and a 
guide 86 having inner and outer peripheral surfaces 
loosely fitted over the outer peripheral surface of 
the boss 81a and in the closure plate 79d. The 

75 guide tube 86 is fitted over the driven shaft 75 for 
rotation therewith. The first pressure chamber 83 is 
also held in communication with a fluid conduit 
passage 87 defined axially in the driven shaft 75 
through a hole 88 defined radially in a peripheral 

20 wall of the driven shaft 75. 

The driven shaft 75 has a plurality (three in the 
illustrated embodiment) of through holes 100t 
through HO3 defined radially through a peripheral 
side wall of a substantially axially intermediate por- 

25 tion of the driven shaft 75. The holes 110i through 
HO3 are axially spaced at prescribed intervals and 
provide communication between the interior and 
exterior of the fluid conduit passage 87. The holes 
110i through HO3 can be opened and closed by 

30 the boss 79a as the movable conical disc 79 is 
slide axially over the shaft 75. 

The fluid conduit passage 87 communicates 
with a fluid inlet 90 through a fluid conduit pipe 89 
having opposite ends open. The fluid conduit pipe 

35 89 has one end loosely fitted in the fluid conduit 
passage 87 and extending toward a substantially 
axially intermediate position in the fluid conduit 
passage 87. The other end of the fluid conduit pipe 
89 is fitted in a fiuidtight manner in a wail portion 

40 positioned between the ball bearing 77 and the 
fluid inlet 90. 

The fluid conduit passage 87 has one end 
portion 87a extending from its substantially axially 
intermediate position remotely from the fluid inlet 

45 90 and smaller in diameter than the other end 
portion 87b close to the fluid inlet 90, with a step 
87c being positioned between the smaller-diameter 
end portion 87a and the larger-diameter end por- 
tion 87b. The inner ends of the through holes 110i 

so through 110 3 are open at the inner peripheral sur- 
face of the larger-diameter end portion 87b, in 
which the fluid passage pipe 89 is positioned. A 
slider 111 is axially movably positioned in the 
larger-diameter end portion 87b for opening and 

55 closing the through holes 110i through 110 3 . The 
slider 1 1 1 comprises a hollow short cylinder having 
a pressure-bearing surface 112 on one end thereof 
with the other end open. The slider 1 1 1 has a hole 
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113 defined axially and centrally in the pressure- 
bearing surface 112. The slider 111 is slidably 
disposed in the fluid conduit passage 87 in a 
fluidtight manner. 

The slider 111 is normally urged by a coil 
spring 114 in a direction to close the through holes 
110i - 110 3 . The coil spring 114 is loosely fitted 
over the fluid conduit pipe 89 and interposed be- 
tween the inner end of the slider 1 1 1 and a spring 
seat 115 around the fluid conduit pipe 89. 

The fluid inlet 90 is held in communication with 
a fluid supply passage 91 which connects the 
control fork chamber 44a to the discharge outlet 
29a of the pump 29. The pump 29 has an inlet 29b 
held in communication via a filter 92 with the fluid 
tank 93. A return pipe 99 for returning the fluid 
from the transmission box 30 into the fluid tank 93 
extends between a hole 100 defined in one side 
wall of the transmission box 30 and the fluid tank 
93. An endless belt 101 of metal such as steel 
having a V-shaped cross section is trained around 
the driver pulley C and the driven pulley D. The 
rotative power from the driver pulley C is transmit- 
ted by the belt 101 to the driven pulley D. By 
varing the groove widths of the pulleys C, D, the 
transmission ratio of the belt 101 can continuously 
be changed. 

The inside diameter D1 of the cylindrical wall 
34c, or the cylinder diameter of the movable coni- 
cal disc 34 of the driver pulley C, is selected to be 
larger than the inside diameter D2 of the cylindrical 
wall 79c, or the cylinder diameter of the movable 
conical disc 79 of the driven pulley D. 

Operation of the infinitely variable transmission 
thus constructed is as follows: 



H) Starting of the engine: 

When the output shaft of the internal combus- 
tion engine rotates, the input shaft of the starting 
clutch 1 is rotated, and so are the input rotatable 
member 5 and the control mechanism 1 1 . Because 
the* fluid pressure from the pump 29 is not in- 
creased and the r.p.m. of the input shaft 2 is below 
a prescribed level, the governor ball 14 of the 
control mechanism 1 1 is not subject to centrifugal 
forces large enough to overcome the spring 16 
engaging the cam plate 13. Therefore, the dis- 
charge port 26 of the pressure-regulating valve 10 
remains open. The second valve 45 is in the illus- 
trated position in which the port 53 thereof is 
disconnected from the third port 68 of the driver 
shaft 4. The first pressure chamber 39 of the driver 
pulley C is in communication with the second 
chamber 40 of the driver pulley C through the 
recesss 73. the annular groove 72. the fourth port 
69, the annular groove 52. the fifth port 70. the 
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recess 74. and the guide tube 37. The third valve 
46 is also in the illustrated position in which the 
second port 59 thereof is disconnected from the 
port 51 of the first valve 43. 
5 The fluid supplied under pressure from the 

pump 29 flows into the first pressure chamber 83 
through the fluid supply passage 91, the inlet 90. 
the fluid conduit pipe 89, the fluid conduit passage 
87, and the hole 88, whereupon the pressure in the 

70 fluid conduit passage 87 is increased. The slider 
1 1 1 is now displaced under the fluid pressure from 
the illustrated position toward the inlet 90 against 
the force of the spring 114, thus closing substan- 
tially half of the first through hole 1 1 0i while open- 

75 ing the second and third through holes 110 2 , 110 3 . 

The fluid under pressure from the pump 29 
also flows into the pressure chamber 22 of the 
starting clutch 1 through the fluid supply passage 
91, the control fork chamber 44a, the fluid conduit 

20 pipe 62, the second valve 45, the first port 58, the 
third valve 46, the cylindrical bearing body 42. the 
orifice 48, the first port 49, the annular groove 50. 
and the supply port 45. Since the pressure-regulat- 
ing valve 10 has been pressed by the fluid toward 

25 the input rotatable member 5 with the discharge 
port 26 open, the fluid under pressure is dis- 
charged from the discharge port 26 into the gov- 
ernor housing 12. Accordingly, there is no pressure 
buildup in the pressure chamber 22 and the clutch 

30 piston 20 does not press the friction plate 21. As 
the rotative power is not transmitted from the input 
shaft 2 to the driver shaft 4, the driver pulley C and 
the driven pulley D are at rest. 

Because the port 53 of the second valve 45 is 

35 isolated from the third port 68 of the driver shaft 4, 
no fluid pressure is supplied into the first pressure 
chamber 39. The movable conical disc 34 is 
spaced the largest distance from the fixed conical 
disc 33, so that the groove width of the driver 

40 pulley C is maximum as shown. 

As described above, the fluid from the pump 
29 flows into the first pressure chamber 83 through 
the fluid supply passage 91. the fluid inlet 90. the 
fluid conduit pipe 89. the fluid conduit passage 87. 

45 and the hole 88. The movable conical disc 79 is 
therefore urged by the fluid pressure and the 
spring 82 to displaced most closely to the fixed 
conical disc 78. with the result the groove width of 
the driven pulley D is smallest as shown. There- 

50 fore, the belt 101 is held in contact with the driver 
pulley C at its smallest diameter or radially inner- 
most position, and with the driven pulley D at its 
largest diameter or radially outermost position. 

At this time, the slider 111 opens all of the 

55 through holes 110i - 110 3 , and the movable conical 
disc 79 of the driven pulley D opens substantially 
half of the first through hole 1 1 0i while closing the 
second and third through holes 110s. HO3. Part of 
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the fluid introduced under pressure into the fluid 
conduit passage 87 is allowed to flow out of the 
first through hole 110i through the clearance be- 
tween the inner peripheral surface of the larger- 
diameter portion 87b of the fluid conduit passage 
87 and the outer peripheral surface of the fluid 
conduit pipe 89 for thereby keeping the pressure in 
the fluid conduit passage 87 at a prescribed level. 



(2) Starting of the vehicle: 

After the engine has started to operate, the 
accelerator pedal (not shown) is slowly depressed 
to increase the opening of the throttle valve. When 
the r.p.m. of the engine is progressively increased 
and reaches a prescribed level, the governor ball 
14 depresses the cam plate awary from the input 
rotatable member 5 under centrifugal forces 
against the resiliency of the spring 16. The 
pressure-regulating valve 10 is then pushed by the 
cam plate 1 3 to close the discharge port 26. There- 
fore, the pressure in the pressure chamber 22 is 
increased to displace the clutch piston 20 toward 
the input rotatable member 5 for thereby pressing 
the friction plate 21 and the clutch facing 27 
against the inner end surface of the clutch outer 
member 19. The rotative power from the input shaft 
2 is now transmitted to the driver shaft 4 to rotate 
the driver pulley C. The rotative power from the 
driver pulley C is then transmitted by the belt 101 
to the driven pulley D, whereupon the driven shaft 
75 is rotated to rotate vehicle drive wheels (not 
shown). 



(3) Acceleration: 

By depressing the accelerator pedal to open 
the throttle valve further for an increased speed, 
the engine r.p.m. is increased beyond the pre- 
scribed level, whereupon the governor weight 56 is 
turned counterclockwise to press the second valve 
45 toward the starting clutch 1 against the force of 
the spring 55. The port 53 of the second valve 45 
is now brought into communication with the third 
port 68 of the driver shaft 4, and the communica- 
tion is cut off between the fourth and fifth ports 69, 
70 through the annular groove 52. The fluid under 
pressure which has introduced into the second 
valve 45 through the fluid conduit pipe 62 is then 
allowed to flow into the first pressure chamber 39 
through the port 53, the third port 68, the annular 
groove 72, and the recess 73. The pressure in the 
first pressure chamber 39 is now raised to move 
the movable conical disc 34 from the illustrated 
position to the fixed conical disc 33 for thereby 
reducing the groove width of the driver pulley C. 



The belt 101 is forcibly moved radially outwardly 
on the driver pulley C. Since the cylinder diameter 
D1 of the driver pulley C is larger than the cylinder 
diameter D2 of the driven pulley D. the pressure 

5 imposed by the driver pulley C edgeways on the 
belt 101 is larger than the pressure imposed by the 
driven pulley D edgeways on the belt 101. There- 
fore, as the belt 101 is shifted radially outwardly on 
the driver pulley C, the movable conical disc 79 of 

70 the driven pulley D is forced by the belt 101 to 
move away from the fixed conical disc 78 against 
the resiliency of the spring 82 and the pressure of 
the fluid which has been introduced into the first 
pressure chamber 83 through the inlet 90, the fluid 

75 conduit pipe 89, the fluid conduit passage 87, and 
the hole 88. The belt 101 on the driven pulley D is 
therefore moved toward the center thereof. The 
speed of rotation of the driven pulley D is continu- 
ously varied from a low level to a medium or high 

20 level. More specifically, the medium speed is 
achieved when the belt 101 is positioned at sub- 
stantially radially intermediate positions of the driv- 
er and driven pulleys C. D (the groove widths 
thereof are intermediate). The highest speed can 

25 be attained when the belt 101 running over the 
driver pulley C is in the radially outermost position 
(with the largest groove width) and the belt 101 
running over the driven pulley D is in the radially 
inner most position (with the smallest groove 

30 width). 

As the movable conical disc 49 of the driven 
pulley C is moved away from the fixed conical disc 
78 to achieve the highest speed during accelera- 
tion, the movable conical disc 79 successively 

35 opens the first, second, and third through holes 
110i - IIO3. More specifically, when the first and 
second through holes 110i, HO2 are opened, the 
fluid flows out of the fluid conduit passage 87 
through the first and second through holes 110i, 

40 HO2. Thus, the pressure in the fluid conduit pas- 
sage 87 is lowered, and the slider 111 is displaced 
away from the fluid inlet 90 under the force of the 
spring 114 thereby to close the first through hole 
1 1 0i . The fluid under pressure now flows out of the 

45 fluid conduit passage 87 only through the second 
hole HO2. Upon continued movement of the mov- 
able conical disc 79 away from the fixed conical 
disc 79, all of the first through third holes 110i - 
1 1 03 are opened to allow the fluid to flow out of the 

50 fluid conduit passage 87 through the second and 
third through holes HO2. HO3. The pressure in the 
fluid conduit passage 87 is lowered, and the slider 
111 is displaced away from the fluid inlet 90 under 
the force of the spring 114 thereby to close the first 

55 and second through holes 110i, HO2. whereupon 
the fluid flows out only through the third through 
hole HO3. 

Therefore, when the movable conical disc 79 is 
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shifted away from the fixed conical disc 78, i.e.. 
when the belt 101 is displaced toward a higher- 
speed or radially inward position on the driven 
pulley D, the fluid pressure acting on the movable 
conical disc 79 is kept at a relatively low level. 



(4) Deceleration: 

The process as described above for the accel- 
eration is reversed to move the belt 101 radially 
inwardly on the driver pulley C and also to move 
the belt 101 radially outwardly on the driven pulley 
D. 

As the movable conical disc 79 of the driven 
pulley D is moved toward the fixed conical disc 78 
thereof to reach the lowest speed during decelera- 
tion, the movable conical disc 79 successively 
closes the first, second and third through holes 
110i - 110 3 . More specifically, when the third 
through hole 110 3 is closed, the fluid which has 
been discharged out of the fluid conduit passage 
87 through the third through hole 110 3 is prevented 
from flowing out (the second and third through 
holes 110 2 , HO3 are closed by the slider 111). The 
pressure in the fluid conduit passage 87 is in- 
creased, and the slider 110 is moved toward the 
fluid inlet 90 against the force of the spring 114 to 
open the second through hole HO2, through which 
the fluid flows out of the fluid conduit passage 87. 
As the movable conical disc 79 is further moved 
toward the fixed conical disc 78, the movable coni- 
cal disc 79 closes the third and second through 
holes 1IO3, 110 2 . The fluid which has been dis- 
charged out of the fluid conduit passage 87 
through the second through hole HO2 is prevented 
from flowing out (the third through hole 110 3 is 
closed by the movable conical disc 79 and the first 
through hole 110i is closed by the slider 111). The 
pressure in the fluid conduit passage 87 is there- 
fore further increased, and the slider 110 is moved 
toward the fluid inlet 90 against the force of the 
spring 114. thereby opening the first through hole 
110i, through which the fluid flows out of the fluid 
conduit passage 87. 

Consequently, when the movable conical disc 
79 is displaced toward the fixed conical disc 78, 
i.e., when the belt 101 is displaced toward a lower- 
speed or radially outward position on the driven 
pulley D, the fluid pressure acting on the movable 
conical disc 79 is kept at a relatively high level. 



(5) Quick acceleration (kickdown): 

When the accelerator pedal is slowly de- 
pressed to increase the opening of the throttle 
valve under normal condition, the accelerator-con- 
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trolled fork 63 is turned clockwise in response to 
the depression of the accelerator pedal. The third 
valve 46 is slightly moved by the rod 60 from the 
illustrated position downwardly (FIG. 1) away from 
5 the starting clutch 1. The second port 59 is then 
brought into a slight communication with the port 
51 to allow a small amount of fluid under pressure 
to flow from the third valve 46 through the ports 59, 
51 into the pressure chamber 43a. Upon supply of 

10 the fluid into the pressure chamber 43a, the first 
valve 43 is moved away from the starting clutch 1 
to cut off the communication between the port 51 
and the second port 59. The first valve 43 is then 
stopped. The resilient force of the spring 55 is now 

75 increased to limit the governor action through the 
governor weight 56. 

When the accelerator pedal is released to re- 
duce the opening of the throttle valve, the 
accelerator-controlled fork 63 is returned to the 

20 original position to allow the port 51 and the an- 
nular groove 59a to communicate slightly with each 
other. The fluid under pressure is then discharged 
from the pressure chamber 43a through the port 
51 , the annular groove 59a, the clearance between 

25 the third valve 46 and the driver shaft 4, and the 
second port 67 into the transmission box 30. Upon 
discharge of the fluid from the pressure chamber 
43a, the first valve 43 is moved upwardly (FIG. 1) 
toward the starting clutch 1 to cut off the commu- 

30 nication between the port 51 and the annular 
groove 59a. 

The foregoing action or movements do not 
have substantial effects on the motion of the gov- 
ernor. 

35 When the accelerator pedal is abruptly de- 

pressed to increase the throttle valve opening 
quickly, the third valve 46 is moved a large dis- 
tance away from the starting clutch 1 to permit the 
second port 59 and the port 51 to communicate 

40 widely. Therefore, a large amount of fluid is sup- 
plied into the pressure chamber 43a to cause the 
first valve 43 to move a large distance away from 
the starting clutch 1. The balancing between the 
pressure in the pressure chamber 43a and the 

45 spring 55 is greatly lost to influence the governor 
motion, such that the governor weight 56 is turned 
back clockwise, resulting in deceleration. The fore- 
going action is made possible by suitably selecting 
the relationship between the degree of communica- 

so tion between the ports 51. 59 and the governor 
balancing and the resiliency of the spring 55 at a 
design level. 

Upon deceleration, the fluid is discharged into 
the second chamber 40 of the driver pulley C and 

55 pooled on the radially outer portion of the second 
chamber 40 under centrifugal forces. The pooled 
fluid serves to counteract the force acting on the 
flange 36b of the fixed piston 36 from the first 
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pressure chamber 39, thus uniformizing the loads 
imposed by centrifugal forces on the opposite 
sides of the flange 36b. The fluid under pressure 
flows from the first pressure chamber 83 of the 
driven pulley D through the orifice 85 into the 
second pressure chamber 84 in which the fluid is 
pooled in the radially outer portion thereof. The 
pooled fluid also serves the uniformize the loads 
imposed by centrifucal forces on the opposite 
sides of the flange 81c of the fixed piston 81. 

Since the fluid under pressure is discharged 
from the first pressure chamber 39 into the second 
pressure chamber 40, the first and second valves 
43, 45 are returned to their original position under 
the combined forces of the spring 55 and the 
governor weight 56. The fluid is then prevented 
from being discharged from the first pressure 
chamber 39 into the second pressure chamber 40, 
so that excessive deceleration can be avoided. The 
movement of the first valve 43 away from the 
starting clutch 1 is limited by engagement of the 
stopper abutment 54 with the stopper 66. As a 
consequence, the kickdown range can be deter- 
mined by the clearance between the stopper abut- 
ment 54 and the stopper 66. 

In the above embodiment, the slider 111 is 
disposed in the driven shaft 75 having the through 
holes 110i - 1103, and the movable conical disc 79 
doubles as a member for opening and closing the 
through holes 110i -HO3. Therefore, the number of 
parts required is small, the arrangement is com- 
pact, and the cost of manufacture is lowered. The 
fact that no regulator is necessary for the pump 
alwo accounts for such a lowered cost. Since the 
through holes 110* - HO3 are defined in the driven 
shaft 75, the fluid, if it is oil, can be supplied from 
the through holes 110i - HO3 as lubricating oil to 
the belt 101. No special mechanism for supplying 
lubricating oil to the belt 101 is required. This also 
simplifies and reduces the cost of the overall struc- 
ture. 

While in the aforesaid embodiment the direc- 
tional control valve mechanism (fluid metering 
mechanism) 41 is incorporated in the driver side, 
the mechanism 41 may be assembled in the driven 
side so that the r.p.m. of the output shaft will 
remain unchanged even when the r.p.m. of the 
input shaft is changed. With such a modification, 
the present invention is applicable to a device 
which is driven at a constant speed of rotation such 
as by a generator or an oil pump. The pressure 
regulating mechanism 94 may be incorporated in 
the driver side, rather than the driven side. 

FIG. 2 is a graph showing the relationship 
between the r.p.m. of the driver shaft and the r.p.m. 
of the driven shaft while the throttle valve opening 
remains constant. The illustrated range of the sta- 
ble rotation is laterally shifted as the throttle valve 



opening varies. If the driver mechanism and the 
driven mechanism were switched around, then the 
r.p.m. of the driven shaft would remain constant 
even when the r.p.m. of the driver shaft would be 

5 varied. The arrangement could therefore be assem- 
bled in a device driven at a constant r.p.m. as by a 
generator or an oil pump. Since the r.p.m. in the 
range of stable rotation (with the r.p.m. of the driver 
shaft and the r.p.m. of the driven shaft being 

70 switched around) would be changed and set up 
continuously, the arrangement could be utilized in 
an alternating generator, for example, which can 
generate both 50 Hz and 60 Hz, selectively. 

FIG. 3 illustrates an infinitely variable transmis- 

75 sion according to a second embodiment in which a 
pressure regulating mechanism is disposed in the 
transmission box 30 between the driver pulley and 
the driven pulley. These parts in FIG. 3 which are 
identical to those shown in FIG. 1 are denoted at 

20 identical reference characters in FIG. 1 . 

A fluid pressure regulator 210 for keeping the 
pressure in the infinitely variable transmission 3 at 
a prescribed level is connected to the fluid supply 
passage 91 and fixed to the inner surface of an 

25 outer wall 130 of the transmission box 30, the fluid 
pressure regulator 210 being positioned between 
the outer wall 130 and a side wall 30a of the 
transmission box 30. The fluid pressure regulator 

210 is composed of a hollow cylindrical housing 
30 211, a hollow cylindrical valve 212 slidably dis- 
posed therein, and a resilient member comprising a 
returtn spring 213 for normally urging the valve 212 
into a closed position. The housing 211 has one 
end open and a port 214 defined through a periph- 

35 eral wall adjacent to the open end. The open end 
of the housing 21 1 is secured to the inner surface 
of the outer wall 130. The interior of the housing 

211 is held in communication with the fluid supply 
passage 91 through a hole 215 defined through the 

40 outer wall 130. The valve 212 has one open end 
and an opposite closed end facing the hole 215, 
and is axially slidably fitted in the housing 211 in a 
fluidtight manner for opening and closing the port 
214. The closed end of the valve 212 serves as a 

45 pressure-bearing surface 216. 

The return spring 213 is in the form of a coil 
spring loosely fitted in the valve 212 and inter- 
posed between the inner ene face of teh valve 212 
and the inner end face of the housing 21 1 . 

50 To the port 21 4, there is connected one end of 

a fluid feed pipe 218 with its opposite end extend- 
ing through a side wall 30b of the transmission box 
30 and connected to the fluid tank 93. The fluid 
feed pipe 218 is positioned within the transmission 

55 box 30 between opposite straight runs of the belt 
101. The fluid feed pipe 218 has two feed holes 
219 positioned in alignment with the belt 101 for 
feeding the fluid such as oil to the belt 101. 

10 
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When the pressure of the fluid supplied 
through the fluid supply passage 91 is in excess of 
a prescribed level, the valve 212 is displaced 
against the force of the spring 213 to bring the port 
214 and the hole 215 into mutual communication. 
When the pressure of the fluid supplied through the 
fluid supply passage 91 is below the prescribed 
level, the valve 212 disconnects the port 214 from 
the hole 215. 

The fluid pressure regulator 210 operates in 
substantially the same manner as that of the pres- 
sure regulating mechanism 94 according to the first 
embodiment Therefore, the ability of the fluid pres- 
sure regulator 210 to feed the fluid as lubricating 
oil to the belt 101 will mainly be described herein- 
below. 

When the fluid pressure from the pump 29 
exceeds the prescribed level, it acts on the 
pressure-bearing surface 216 through the hole 215 
to force the valve 212 in the opening direction 
against the resiliency of the spring 213. The port 
214 and the hole 215 are now brought into commu- 
nication with each other to discharge any excess 
fluid pressure from the fluid supply passage 91 
through the hole 215, the port 214, and the fluid 
feed pipe 218 into the fluid tank 93 which is a 
lower-pressure area. At this time, part of the fluid in 
the fluid feed pipe 218 is supplied as lubricating oil 
to the belt 101 through the feed holes 219. When 
the fluid pressure from the pump 29 returns to the 
prescribed leve. the valve 212 is moved in the 
closing position by the spring 213 to cut off the 
communication between the port 214 and the hole 
125. 

When the accelerator pedal is released to re- 
duce the opening of the throttle valve, the fluid 
under pressure is discharged from the pressure 
chamber 43a through the second port 67 into the 
transmission box 30. Part of the fluid discharged 
from the pressure chamber 43a into the transmis- 
sion box 30 is caught by the belt 101 to lubricate 
the same. 

Therefore, when the fluid pressure from the 
pump 29 exceeds the prescribed level while the 
vehicle is running, part of the excess fluid dis- 
charged from the fluid pressure regulator 210 is 
supplied as lubricating oil to the belt 101. Whe the 
opening of the throttle valve is reduced by releas- 
ing the accelerator pedal, the fluid discharged 
through the second port 67 is supplied as lubricat- 
ing oil to the belt 1 01 . 

In the embodiment of FIG. 3, the opposite end 
of the fluid feed pipe 218 extends through the side 
wall 30b of the transmission box 30 for directly 
returning the fluid to the fluid tank 93. However, all 
of the fluid discharged from the fluid pressure 
regulator 210 through its port 214 may be dis- 
charged into the transmission box 30 which is a 



lower-pressure area to lubricate the belt 101, and 
thereafter the fluid having dropped from the belt 
101 onto the bottom of the transmission box 30 
may be returned through the pipe 99 to the fluid 
5 tank 29. 

Since the fluid discharged from the fluid pres- 
sure regulator is utilized as lublicating oil. the pump 
29 as the fluid pressure supply source is not re- 
quired to bear an excessive load. The illustrated 

70 lublicating arrangement is especially useful when 
the engine rotates at a high r.p.m. since the 
amount of fluid discharged from the pump is large 
and an increased amount of lubricating oil has to 
be supplied to the belt. 

75 The positions where the fixed conical discs 33, 

70 of the driver and driven pulleys C, D are fixed 
will be described below. 

FIG. 4 schematically shows the driver pulley C 
and the driven pulley D. The fixed conical discs 33, 

20 78 have their conical taper surfaces confronting 
those of the movable conical discs 34, 79, respec- 
tively. The fixed conical discs 33, 78 are positioned 
on opposite sides of the endless belt 101, and the 
movable conical discs 34, 79 are movable toward 

25 and away from fixed conical discs 33, 78 in the 
axial direction of the pulleys C, D. 

When the movable conical discs 34, 79 are 
positioned as indicated by the solid lines in FIG. 4, 
the diameter of the driver pulley C is small, and the 

30 diameter of the driven pulley D is large, resulting in 
a low transmission ratio. When movable conical 
discs 34, 79 are positioned as indicated by the 
imaginary lines in FIG. 4, the diameter of the driver 
pulley C is large, and the diameter of the driven 

35 pulley D is small, resulting in a high transmission 
ratio. As the pulley diameters vary between the low 
and high transmission ratios, the central axis of the 
endless belt 101 is shifted from a line h normal to 
pulley axes 4a, 75a by L on the driver "pulley C in 

40 the axial direction thereof and by l' on the driven 
pulley D in the axial direction thereof. 

Heretofore, the endless belt has been posi- 
tioned such that its deviation from the line normal 
to the pulley axes at the low transmission ratio is 

45 substantially nil, and hence the belt has been sub- 
ject to localized wear for the following reasons: 

In FIG. 8(A), a driver pulley 301 is of a small 
diameter and a driven pulley 302 is of a large 
diameter for a low transmission ratio. In FIG. 8(B), 

so the ratio between the diameters of the driver and 
driven pulleys 301 . 302 is 1 : 1 for a higher speed 
ratio (medium speed range) than that of the diam- 
eter ratio shown in FIG 8(A). When the pulley 
diameter is varied from FIG. 8(A) to FIG. 8(B), the 

55 radius of the driver pulley 301 is increased Ar and 
the radius of the driven pulley 302 is reduced Ar'. 
Since the entire length of the endless belt 303 is 
constant the diameter changes should meet the 
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relationship Ar > Ar' in order to be able to transmit 
power under a prescribed degree of tension. 

FIGS. 9(A) and 9(B) are cross-sectional views 
showing the relationship between the endless belt 
303 and the pulleys 301 , 302 as their diameters 
vary as described above. Denoted at a is the angle 
of inclination of the conical surfaces of the conical 
discs, 303a is the position of the endless belt 
before the pulley diameters are varied, and 303b is 
the position of the endless belt after the pulley 
diameters are varied. The distance t that the end- 
less belt is moved on the driver pulley 301 in the 
axial direction thereof is indicated by I = Ar tan a. 
and the distance i' that the endless belt is moved 
on the driven pulley 302 in the axial direction 
thereof is indicated by t' = Ar' tan a. Since Ar > 
Ar', the distance i is larger than the distance I (1 
> l). Therefore, as shown in FIG. 10, the central 
axis of the endless belt is deviated |t - t'| from the 
central line h normal to the pulley axes 301 a, 302a 
when the speed ratio is intermediate at about 1:1. 

As a result, when the speed ratio is frequently 
varied between the high and low ratios, the belt of 
metal which is of high transverse rigidity is subject 
to undue forces tending to shorten the service life 
of the belt. 

According to the present embodiment, the 
fixed conical discs 33, 78 are displaced or offset in 
advance in the directions of the axes 4a, 75a of the 
pulleys C, D. The distances L1, L2 by which the 
fixed conical discs 33, 78 are axially offset are 
selected to be about 1/2 of the maximum deviation 
L of the conventional endless belt. More specifi- 
cally, the fixed conical disc 33 is offset about 1/2 
AL to the right from the line h (FIG.5) at the low 
speed ratio, and the fixed conical disc 78 is offset 
about 1/2 AL' to the left from the line h at the low 
speed ratio. As a result, the endless "belt 101 is 
inclined at the low speed ratio such that the central 
axis 101a thereof is tilted at about half of the 
maximum angle of inclination of the conventional 
endless belt. The distances L1, L2 that the fixed 
conical discs 33, 78 are offset in the directions of 
the pulley axes 4a, 75a are selected such that the 
deviation of the central axis 101a of the endless 
belt 101 from the line h normal to the pulley axes 
4a, 75a is substantially zero at a speed ratio A 
(ranging from the starting or low-speed range to 
the high-speed range) which is most frequently 
used between the lowest speed ratio and the 
speed ratio of about 1:1. 

FIGS. 6 and 7 show the endless belt 101 
trained around the drive pulley C and the driven 
pulley D which are arranged as described above. In 
FIG. 6, the drive and driven pulleys C, D are 
positioned for the lowest speed ratio, with the end- 
less belt 101 being tilted to the right. In FIG. 7, the 
drive and driven pulleys C t D are positioned for the 



speed ratio of about 1:1, with the endless belt 101 
being tilted to the left. 

As a consequence, the endless belt 101 will be 
tilted in opposite directions as the power transmis- 
5 sion speed ratio is varied between the low and high 
ratios across the speed ratio A which is most 
frequently used. The endless belt 101 is therefore 
prevented from suffering localized wear, but can 
uniformly be worn as the speed ratio varies, with 

10 the result that the service life of the endless belt 
101 can largely be increased. 

It will thus be seen that the present invention, 
at least in its preferred forms, provides an infinitely 
variable transmission which has reduced outer di- 

75 mensions, is simple in construction, easy in de- 
signing its layout, and can be manufactured at a 
low cost; in which the endless belt of metal can be 
supplied with lubricating oil without imposing an 
excessive load on the fluid supply pump; and in 

20 which the endless belt can uniformly, but not lo- 
cally, be worn as the power transmission ratio 
varies, so that the endless belt can be in service 
for a long period of time. 

It is to be clearly understood that there are no 

25 particular features of the foregoing specification, or 
of any claims appended hereto, which are at 
present regarded as being essential to the perfor- 
mance of the present invention, and that any one 
or more of such features or combinations thereof 

30 may therefore be included in. added to, omitted 
from or deleted from any of such claims if and 
when amended during the prosecution of this ap- 
plication or in the filing or prosecution of any di- 
visional application based thereon. 

35 

Claims 

1. An infinitely variable transmission compris- 

40 ing; a drive pulley (C) drivable by a drive source, a 
driven pulley (D) drivable by power transmitted 
from said drive pulley (C), an endless belt (101) 
trained around said drive (C) and driven (D) pul- 
leys, each of said drive (C) and driven (D) pulleys 

45 comprising a rotatable shaft (4,75), a fixed conical 
disc (33,78) fixed to said rotatable shaft (4,75). and 
a movable conical disc (34,79) mounted axially 
slidably on said rotatable shaft (4,75) for varying 
the power transmission speed ratio of said endless 

so belt (101) running over said drive (C) and driven 
(D) pulleys, the fixed conical discs (33,78) of said 
drive (C) and driven (D) pulleys being disposed on 
opposite sides of said endless belt (101) and ar- 
ranged such that the central axis of the endless 

55 belt (101) is inclined with respect to a line normal 
to said rotatable shafts (4,75) at an angle which is 
substantially zero at a power transmission speed 
ratio which is most frequently used between said 

12 
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drive (C) and driven (D) pulleys, characterised in 
that said fixed conical discs (33,78) are arranged to 
tilt the central axis of said endless belt (101) when 
the power transmission speed ratio is low, with 
respect to said line normal to said rotatable shafts 5 
(4,75) at an angle which is about 1/2 of the maxi- 
mum angie of inclination of the central axis of said 
endless belt (101) which would be reached by 
varying said power transmission speed ratio if the 
fixed conical discs (33,78) were positioned to sub- 10 
stantially eliminate the inclination of the central axis 
of said endless belt (101) with respect to said line 
when said power transmission speed ratio was low. 

75 
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